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Description

The present invention relates to a heating temperature control method in high frequency induction heating and
high frequency induction heating temperature control apparatus, and more particularly to a control method and appa-
ratus suitable for accurately controlling a heating temperature of an object to be heated when a high frequency induction
heating coil is used to high frequency induction heat the object.

A catalytic converter disposed on the way of an exhaust pipe of an automobile to purify exhaust gas is heated by
the exhaust gas to a high temperature during traveling of the automobile and accordingly the purification of the exhaust
gas by the catalytic converter is performed effectively, but while the catalytic converter is at the normal temperature
upon starting of an engine of the automobile the purification is not performed effectively. Accordingly, in order to perform
the purification of exhaust gas upon starting of the engine sufficiently, it is necessary to heat the catalytic converter
forcedly upon starting of the engine.

Thus, in a conventional heating method of the catalytic converter, a DC current flows in the catalytic converter
directly to utilize the Joule heat. Fig. 12 illustrates a control apparatus 50 for carrying out the conventional heating
method. The apparatus 50 serves to heat a catalytic converter (object to be heated) 51 to a previously set temperature.

The conventional temperature control apparatus 50 is configured to supply electric power from a DC power supply
52 tothe catalytic converter 51 constituting the object to be heated and Joule-heat it and to detect a heating temperature
of the catalytic converter 51 by means of a thermocouple temperature sensor 53 attached to the catalytic converter
51. The thermocouple temperature sensor 53 produces a voltage signal proportional to a detected temperature to
supply it to a comparator 54, which compares the voltage signal with a predetermined reference voltage.

When the temperature detected by the thermocouple temperature sensor 53 exceeds a predetermined reference
voltage, the comparator 54 produces a predetermined control signal. The control signal switches a power switch 55
from an on state to an off state to cut off supply of electric power to the catalytic converter 51, so that heating of the
catalytic converter 51 is stopped.

With such a circuit operation, the catalytic converter 51 is heated to the predetermined set temperature and is
controlled not to exceed the set temperature.

In the conventional temperature control method and the heating temperature control apparatus 50 as described
above, however, since the catalytic converter 51 is heated by directly flowing current therein, a large-capacity DC power
supply and extremely heavy lead wires are required in order to heat the converter in a relatively short time, and ac-
cordingly it is not suitable for an automobile.

Further, since the thermocouple temperature sensor 53 is used as detection means of the heating temperature of
the catalytic converter 51 and the thermocouple temperature sensor 53 is brought into contact with the catalytic con-
verter 51 to detect the temperature thereof, there are defects as follows. During traveling of the automobile (during
continuous operation of an engine), the catalytic converter 51 is heated to a high temperature by exhaust gas heated
at a high temperature and the thermocouple temperature sensor 53 is also heated to a high temperature correspond-
ingly. Accordingly, the thermocouple temperature sensor 53 tends to be deteriorated in its early stage. Hence, the
durability of the thermocouple temperature sensor 53 comes into question and there is a possibility that an accurate
temperature can not be detected. In addition, mechanical vibration is transmitted to the thermocouple temperature
sensor 53 through the catalytic converter 51 easily, so that the thermocouple temperature sensor 53 is separated from
the catalytic converter 51 due to large mechanical vibration and there is a possibility that the thermocouple temperature
sensor can not attain the temperature detection function.

Further, it is considered that a heating time is set to a predetermined time by a timer and high frequency induction
heating is performed for the predetermined time without using the thermocouple temperature sensor 53, while in this
case the heating time is scattered due to variation in dimension and quality of material of the object to be heated and
deterioration in aging of the quality of material, so that high frequency induction heating with high accuracy can not be
attained.

The present invention has been made in order to solve the above problems and an aim of the present invention
is to provide a heating temperature control method in high frequency induction heating and a high frequency induction
heating temperature control apparatus capable of detecting a temperature of an object to be heated accurately in the
non-contact manner without using a contact type thermocouple temperature sensor to high frequency induction to heat
the object to a desired temperature and having excellent durability.

WO 82/02593 discloses a high frequency induction heating temperature control method in accordance with the
preamble of claim 1.

The present invention provides a heating temperature control method in high frequency induction heating, wherein
a resonance circuit comprising a high frequency induction heating coil is supplied with electric power from a high
frequency power supply unit, the resonance circuit is set to a resonance state, and a heating temperature of an object
to be heated by the coil is controlled on the basis of a resonance frequency of the resonance circuit, the resonance
frequency varying as a function of the temperature of the object, characterised in that the resonance circuit is a series
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resonance circuit including a condenser between the power supply unit and the coil, and the method includes controlling
the power supply unit so that a phase of a high frequency voltage produced by the power supply unit is substantially
coincident with a phase of a high frequency current flowing through the coil, thereby maintaining the resonance circuit
in a resonance state.

Preferably, the power supply unit comprises an inverter for changing direct current into high frequency alternating
current, and the method comprises the steps of:

determining the inductance of the coil by resonating the high frequency;

deriving a relative permeability proportional to the inductance;

calculating a temperature corresponding to said relative permeability in accordance with a data stored in a memory;
and

controlling said temperature responsive to a change of said high frequency so as to accurately heat said coil at a
high speed.

The object heated may be a catalytic converter for purifying exhaust gas of an automobile in the above heating
temperature control method.
The control apparatus according to the present invention comprises:

(a) high frequency power supply unit;

(b) a resonance circuit including a series circuit of a high frequency induction heating coil for high frequency in-
duction heating an object to be heated and a condenser to be supplied with high frequency electric power from
the high frequency power supply unit;

(c) a phase control circuit for controlling a power supply frequency of the high frequency power supply unit so that
a phase of a high frequency voltage produced by the high frequency power supply unit is substantially coincident
with a phase of a high frequency current flowing through the high frequency induction heating coil to always set
the resonance circuit to a resonance state; and

(d) a flag signal generating circuit for detecting that the power supply frequency of the high frequency power supply
unit reaches a predetermined frequency to generate a predetermined flag signal;

whereby the object is high frequency induction heated continuously while the resonance circuit is always set to
the resonance state by the control circuit in response to variation of an impedance of the high frequency induction
heating coil due to increased temperature of the object to be heated and supply of electric power to the resonance
circuit from the high frequency power supply is cut off on the basis of the flag signal generated by the flag signal
generating circuit when a resonance frequency of the resonance circuit reaches a predetermined frequency.
Operation of the present invention is as follows. That is, the resonance frequency in the case where the resonance
circuit including the high frequency induction heating coil is set to the resonance state is varied with the increased
temperature of the object to be heated. Accordingly, variation of the temperature of the object to be heated is previously
obtained for a parameter of the resonance frequency in the case where the resonance circuit is always set to the
resonance state, so that a heating temperature of the object to be heated can be detected on the basis of the resonance
frequency and heating of the object can be stopped in response to the detection to control the heating temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a circuit diagram of a portion of a high frequency induction heating temperature control apparatus used
to implement a heating temperature control method according to the present invention;

Fig. 2 is a perspective view illustrating a catalytic converter which is an object to be heated and is disposed in a
high frequency induction heating coil;

Fig. 3 is a graph showing a relation of inductance L and relative permeability p; of the high frequency induction
heating coil;

Fig. 4 is a graph showing a relation of temperature T and relative permeability i, of the object to be heated,;

Fig. 5 is a graph showing a relation of temperature T of the object to be heated and inductance L of the high
frequency induction heating coil;

Fig. 6 is a graph showing a relation of temperature T of the object to be heated and resonance frequency f,;

Fig. 7 is a circuit diagram showing an actual example of a high frequency induction heating temperature control
apparatus according to the present invention;

Fig. 8 is a graph showing temperature T in a position r of a catalytic converter which is an object to be heated;
Fig. 9 is a graph showing a relation of heating time t and temperature T of the catalytic converter;

Fig. 10 is a graph showing a relation of a heating time t and a resonance frequency f;



10

15

20

25

30

35

40

45

50

55

EP 0 619 692 B1

Fig. 11 is a graph showing a relation of a heating time t and a temperature T of the catalytic converter; and
Fig. 12 is a circuit diagram of a conventional high frequency induction heating temperature control apparatus.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Embodimentsof the present invention are now described in detail with reference to Figs. 1 to 11.

Fig. 1 schematically illustrates a portion of a high frequency induction heating temperature control apparatus 1
used to implement a heating temperature control method in high frequency induction heating according to the present
invention. In Fig. 1, numeral 2 denotes a DC power supply, 3 an inverter for converting electric power supplied from
the DC power supply 2 into high frequency electric power, 4 a resonance circuit constituted by a series circuit of a
resonance condenser 5 and a high frequency induction heating coil 6 supplied with the high frequency electric power
from the inverter 3, 7 a current transformer (CT) for detecting a high frequency current flowing through the high fre-
quency induction heating coil 6, and 8 a PLL oscillation circuit supplied with a current flowing through the current
transformer 7 and an output voltage of the inverter 3.

Further, in Fig. 1, numeral 9 denotes an object to be high frequency induction heated by the high frequency induction
heating coil 6, and the object to be heated of the embodiment is a catalytic converter for purifying exhaust gas used
in an exhaust pipe of an automobile. As shown in Fig. 2, the catalytic converter 9 includes a sheet of steel plate wound
spirally and having a catalytic layer of platinum or the like formed on the surface thereof. The high frequency induction
hating coil 6 is disposed about the catalytic converter 9 concentrically.

In the apparatus 1, the inverter 3 is controlled to be operated on the basis of a frequency f of a control signal
produced by the PLL oscillation circuit 8 and the inverter 3 produces high frequency electric power having the same
frequency as the frequency f so that the resonance circuit 4 is always set to the resonance state.

When an impedance Zr of the high frequency induction heating coil 6 is expressed as described by the following
equation (a), an impedance Zo as viewed from the power supply side is expressed as described by the following
equation (b) since the resonance condenser C and the high frequency induction heating coil 6 constitute a series circuit.

Zr=r+ i-2nf-L (a)

where ris a pure resistance component of the coil 6 when the catalytic converter 9 is inserted into the high frequency
induction heating coil 6, L is an inductance of the coil 6, and f is a frequency.

. o1
Zo=(r+i2nfL)- | PnfC

. 1
= r+l-(27:fL- m)

=1zd-€®  (b)
where

1
2nfL- ——
o=tan”’ 7r2nfc (¢

When the resonance circuit 4 constituted by the series circuit of the resonance condenser C and the high frequency

induction heating coil 6 is controlled to be in the resonance state, 8 of the above equation (¢) is O degree (6=0°). The
resonance frequency at this time is as described by the following equation (d).

1

f =
° 2mnJfLC
ek~ (d)
JL

where k4 is a constant.
On the other hand, a relation of the inductance L and the relative permeability pi; of the high frequency induction
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heating coil 6 as viewed from the power supply side in the state where the catalytic converter 9 is inserted into the high
frequency induction heating coil 6 is in proportional relation as shown in Fig. 3 and is expressed by the following
equation (e).

Ly, (8)

where k, is a constant and L, the relative permeability.

Further, a relation of the relative permeability p, and a temperature T of the object to be heated is in correlative
relation as shown in Fig. 4 and has a linear function in its specific area R as shown in the following equation (f). A
relation of the temperature T of the object and the inductance L of the high frequency induction heating coil 6 is as
shown in Fig. 5.

He=F(T) (N

Thus, when a relation of the temperature T of the object and the resonance frequency f, is obtained from the above
equations (d), (e), and (f), the following equation (g) is obtained. The relation thereof is as shown in Fig. 6.

1 1

1
f =k,-— = k- =k - —
T T M ,—kz‘“s 1 ’—kz-F(T)

where K is a constant.

Accordingly, it will be understood from the equation (g) that the temperature T and the resonance frequency f,
have one-to-one correspondence to each other in the specific range. Accordingly, it can be understood that the tem-
perature T of the object to be heated (catalytic converter 9) can be detected on the basis of the resonance frequency f,.

Thus, in the apparatus 1 of Fig. 1, as high frequency electric power is supplied to the resonance circuit 4 from the
high frequency power supply unit 10 including the DC power supply 2 and the inverter 3, a high frequency current flows
through the high frequency induction heating coil 6 to thereby induction heat the catalytic converter 9. At this time, an
output voltage v of the high frequency power supply unit 10 is supplied to the PLL oscillation circuit 8 and a high
frequency current i flowing through the high frequency induction heating coil 6 is also supplied to the PLL oscillation
circuit 8 through the current transformer 7, so that a control signal having a frequency f in accordance with the high
frequency voltage v and the high frequency current i supplied to the PLL oscillation circuit 8 is supplied to the inverter
3 from the PLL oscillation circuit 8. Consequently, high frequency electric power having the same frequency f as that
of the control signal is supplied to the resonance circuit 4 from the high frequency power supply unit 10 so that the
resonance circuit 4 is controlled to be always in the resonance state.

More particularly, as the catalytic converter 9 is induction heated and its temperature is increased, the relative
permeability L, is varied. Thus, the resonance circuit 4 is set to the resonance state always by means of operation of
the PLL oscillation circuit 8 so as to follow the variation of the relative permeability. In this manner, when the resonance
frequency is gradually changed and reaches a predetermined frequency, supply of electric power from the high fre-
quency power supply unit 10 is stopped.

In this case, a relation of the resonance frequency f, of the resonance circuit 4 and the heating temperature T of
the catalytic converter 9 is previously obtained. When the resonance frequency corresponding to a desired heating
temperature is reached, supply of electric power can be stopped to thereby set the heating temperature of the catalytic
converter 9 to a desired temperature.

Fig. 7 schematically illustrates a definite example using the circuit of Fig. 1, that is, a high frequency induction
heating control apparatus 12 according to the present invention. In Fig. 7, like elements to those of Fig. 1 are designated
by like numerals and its detailed description is omitted.

Asillustrated in Fig. 7, the apparatus 12 of this example includes the high frequency power supply unit 10 composed
of the DC power supply 2 and the inverter 3, the resonance circuit 4 composed of the resonance condenser 5 and the
high frequency induction heating coil 6, a phase control circuit 15 composed of the PLL oscillation circuit 8 and first
and second gate circuits 13 and 14, a flag signal generating circuit 16 for generating a predetermined flag signal on
the basis of an output frequency of the PLL oscillation circuit 8, and a flip-flop 18 for producing a change-over signal
for changing over a change-over switch 17 for stopping of the heating from an on state to an off state on the basis of
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the flag signal.

The PLL oscillation circuit 8 includes a phase comparator 20 for comparing a phase of the high frequency voltage
v from the inverter 3 with a phase of the high frequency current i from the current transformer 7, a low pass filter 21
through which an output of the phase comparator 20 passes, and a voltage controlled oscillator 22 which is operated
on the basis of a control voltage from the low pass filter 21.

On the other hand, the flag signal generating circuit 16 includes a frequency counter 24 supplied with an output
of the voltage controlled oscillator 22 of the PLL oscillation circuit 8, a frequency setting device 25 capable of setting
a desired frequency, and a frequency comparator 26 for comparing an output of the frequency counter 24 with an
output of the frequency setting device 25 to supply the flag signal to the flip-flop 18 when a predetermined condition
is satisfied.

Further, the output of the voltage controlled oscillator 22 of the PLL oscillation circuit 8 is supplied to the first gate
circuit 13. The second gate circuit 14 is supplied with an output signal of the flip-flop 18 and is also supplied with a
predetermined input voltage +V through the change-over switch 17. Thus, an output signal from the second gate circuit
14 is supplied to the first gate circuit 13 and an output signal of the first gate circuit 13 is supplied to the inverter 3 as
the frequency control signal.

Operation of the high frequency induction heating temperature control apparatus 12 thus configured is now de-
scribed.

First of all, in the beginning of heating, the change-over switch is turned on and the output frequency of the PLL
oscillation circuit 8 is supplied through the first gate circuit 13 to the inverter 3.

In this state, when the DC voltage is supplied to the inverter 3 from the DC power supply 2, the DC voltage is
converted into the high frequency voltage by the inverter 3. In this case, the inverter 3 is driven by the control signal
suppliedfromthe first gate circuit 13 and the inverter 3 produces the high frequency voltage v having the same frequency
f as that of the control signal.

The high frequency voltage v is supplied to the resonance circuit 4, so that the high frequency current flows into
the high frequency induction heating coil 6 to thereby induction-heat the catalytic converter 9 (object to be heated)
inserted into the high frequency induction heating coil 6 so that temperature of the catalytic converter is increased. In
this case, the catalytic converter 9 is gradually heated from its outer periphery as shown in Fig. 8 and the temperature
T of the catalytic converter 9 is varied with the elapse of the heating time t as shown in Fig. 9.

During the above induction heating, the high frequency current flowing through the high frequency induction heating
coil 6 is supplied to the phase comparator 20 through the current transformer 7. The phase comparator 20 compares
the phase of the high frequency current i from the current transformer 7 with the phase of the output voltage v from
the inverter 3 to produce the voltage signal proportional to a phase difference between the high frequency current i
and the output voltage v. An output voltage of the phase comparator 20 is supplied to the low pass filter 21 in which
harmonics of the output voltage are removed to be converted into a DC voltage. The DC voltage is supplied to the
voltage controlled oscillator 22.

Thus, the PLL oscillation circuit 8 is operated so that the frequency f of the oscillation output of the voltage controlled
oscillator 22 is made high when the phase of the high frequency current i is advanced (6<0°)as compared with the
phase of the output voltage v and on the contrary the frequency f is made low when the phase of the high frequency
current i is delayed (6>0°) as compared with the phase of the output voltage v.

On the other hand, in the oscillation circuit 4 including the series circuit of the resonance condenser 5 and the high
frequency induction heating 6, when the frequency of the power supply voltage supplied from the inverter 3 (that is,
the oscillation frequency f of the voltage controlled oscillator 22) is made high, the phase of the high frequency current
i is delayed as compared with the phase of the output voltage v and on the contrary when the frequency f of the power
supply voltage is made low, the phase of the high frequency current i is advanced as compared with the phase of the
output voltage v. Thus, when the resonance condenser 5 and the high frequency induction heating coil 6 are resonated
so that the resonance circuit 4 is in the resonance state, the PLL oscillation circuit is operated to minimize the phase
difference of the output voltage v and the high frequency current i (6=0°).

Accordingly, the output voltage of the phase comparator 20 in the PLL oscillation circuit 8 is in the negative feedback
state with respect to the oscillation frequency f of the voltage controlled oscillator 22 and finally the phase difference
6 of the output voltage v and the high frequency current i automatically controlled to be equal to 0°, that is, the resonance
circuit 4 is automatically controlled to be in the resonance state.

The relative permeability i, is varied with increase of the heating temperature of the catalytic converter 9 as de-
scribed above to thereby shift the resonance frequency f,, while the resonance state is always set automatically by
means of the phase lock operation by the PLL oscillation circuit 8 and the following operation to the resonance state
is automatically performed for a parameter of the oscillation frequency f. Thus, the resonance frequency f, is varied
with the elapse of the heating time t as shown in Fig. 10.

On the other hand, the output frequency of the voltage controlled oscillator 22 is supplied to the frequency counter
24 so that the oscillation frequency f is converted into a digital signal by the frequency counter 24. The digital signal
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is supplied to the frequency comparator 26 to be compared with a set value of the frequency setting device 25. The
setting operation of the set value is made so that a relation of the resonance frequency and the heating temperature
in the catalytic converter 9 to be heated is previously obtained and the output frequency of the voltage controlled
oscillator is set to be equal to the numerical value of the resonance frequency corresponding to a desired heating
temperature.

When the frequency of the frequency counter 24 exceeds the frequency of the frequency setting device 25, the
flag signal is generated by the frequency comparator 26 and is supplied to the flip-flop 18 to be held in the flip-flop.
The flip-flop 18 produces a predetermined heating stop signal in response to the flag signal to be supplied to a controller
not shown. Thus, the heating stop signal is supplied to the second gate circuit 14 and the change-over switch 17 is
changed over from the on state to the off state in accordance with the heating stop signal to thereby cut off supply of
the electric power +V 1o the second gate circuit 14. Consequently, the frequency output of the PLL circuit 8 is cut off
by the first gate circuit 13 and is not supplied to the inverter 3.

As a result, supply of the high frequency voltage to the resonance circuit 4 is cut off and the induction heating is
stopped just after the temperature of the catalytic converter 9 has reached the desired set temperature.

According to the high frequency induction heating temperature control apparatus 12 described above, the reso-
nance circuit 4 can be always setto the resonance state and the catalytic converter 9 can be induction-heated accurately
tothe desired temperature for a parameter of the resonance frequency f, varied with increase of the heating temperature
of the catalytic converter 9. That is, since the temperature T of the catalytic converter 9 has one-to-one correspondence
to the resonance frequency f, as shown in Fig. 11, the heating temperature of the catalytic converter 9 can be set to
the desired temperature by previously inputting the numerical value of the resonance frequency f, to the frequency
setting device 25. Accordingly, it can be prevented exactly that the catalytic converter 9 is heated to the set temperature
or is overheated to a temperature higher than the set temperature.

In the embodiment, the object to be heated is the catalytic converter 9, which is a spirally wound body as described
above. Accordingly, when the catalytic converter is induction-heated, a large difference in temperature between the
outer periphery and the inner periphery thereof occurs. Accordingly, how the heating temperature of the catalytic con-
verter 9 is determined comes into question. Accordingly, for example, the relation of the heating temperature and the
resonance frequency may be previously obtained on condition that a temperature of the outer peripheral portion having
about 75 % of the whole sectional area perpendicular to an axial line of the catalytic converter 9 exceeds a desired
heating temperature.

The foregoing description has been made to the embodiment of the present invention, while the present invention
is not limited to the embodiment and various changes and modifications can be made within the scope of the present
invention. For example, the detection means and the detection location of the flag signal, the heating cutting off means
based on the flag signal, and the like, can be changed properly if necessary. Further, it is needless to say that the
heating temperature control method and the high frequency induction heating temperature control apparatus of the
present invention can be applied to not only the catalytic converter 9 but also various objects to be induction heated.

As described above, according to the present invention, since the resonance circuit having the high frequency
induction heating coil is set to the resonance state and the heating temperature of the object to be heated is controlled
on the basis of the resonance frequency varied with increased temperature of the object under the resonance state,
the object can be heated to a desired temperature accurately and rapidly without using a thermocouple sensor and a
timer. In other words, since the heating temperature of the object to be heated is detected for a parameter of the
resonance frequency upon the induction heating, the object can be induction-heated with high accuracy and the heating
temperature can be detected extremely rapidly as compared with the case where a thermocouple sensor is used, to
thereby reduce a necessary time for heating.

Further, the conventional method using a timer has the possibility that the object is not heated to a predetermined
temperature due to scattering of a dimension of the object (deformation in shape and eccentricity) existing in no small
quantities and deterioration in material quantity caused by secular change even if a predetermined electric power is
supplied, although according to the present invention since the resonance frequency is utilized as the detection means
of the heating temperature, the object can be always induction heated to a desired temperature without influence of
secular change for individual objects and is very practical.

Claims

1. Aheating temperature control method in high frequency induction heating, wherein a resonance circuit comprising
a high frequency induction heating coil is supplied with electric power from a high frequency power supply unit,
the resonance circuit is set to a resonance state, and a heating temperature of an object to be heated by the coil
is controlled on the basis of a resonance frequency of the resonance circuit, the resonance frequency varying as
a function of the temperature of the object, characterised in that the resonance circuit is a series resonance circuit
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including a condenser between the power supply unit and the coil, and the method includes controlling the power
supply unit so that a phase of a high frequency voltage produced by the power supply unit is substantially coincident
with a phase of a high frequency current flowing through the coil, thereby maintaining the resonance circuit in a
resonance state.

A method as claimed in claim 1, wherein the power supply unit comprises an inverter for changing direct current
into high frequency alternating current, the method comprising the steps of:

determining the inductance (L) of the coil by resonating the high frequency;

deriving a relative permeability () proportional to the inductance (L);

calculating a temperature (T) corresponding to the relative permeability (u,) in accordance with data stored in
a memory; and

controlling the temperature.

A method as claimed in claim 1 or 2, wherein the object to be heated is a catalytic converter for purifying exhaust
gas of an automobile.

High frequency induction heating temperature control apparatus comprising a high frequency power supply unit
(10) and a resonance circuit (4) to be supplied with electric power from the high frequency power supply unit (10),
the resonance circuit (4) including a high frequency induction heating coil (6) for high frequency induction heating
of an object (9),

characterised in that:

the resonance circuit (4) is a series resonance circuit including a condenser (5) between the high frequency
power supply unit (10) and the high frequency induction heating coil (6);

a phase control circuit (15) for controlling the power supply frequency of the high frequency power supply unit
(10) so that a phase of a high frequency voltage produced by the high frequency power supply unit (10) is
substantially coincident with a phase of a high frequency current flowing through the high frequency induction
heating coil (6) to always set the resonance circuit (4) to a resonance state; and

a flag signal generating circuit (16) for detecting that the power supply unit (10) reaches a predetermined
frequency and generating a predetermined flag signal;

whereby the object (9) is high frequency induction heated continuously while the resonance circuit (4) is always
set to the resonance state by the control circuit (15) in response to variation of the impedance of the high
frequency induction heating coil (6) due to increased temperature of the said object (9) being heated, and
supply of electric power to the resonance circuit (4) from the high frequency power supply unit (10) is cut off
on the basis of the flag signal generated when the resonance frequency of the resonance circuit (4) reaches
the predetermined frequency.

Patentanspriiche

1.

Heiztemperaturregelverfahren bei der Hochfrequenzinduktionsheizung, bei dem ein Resonanzkreis, der eine
Hochfrequenzinduktionsheizspule aufweist, mit elekirischem Strom von einem Hochfrequenzstromversorgungs-
geréat versorgt wird, wobei der Resonanzkreis in einen Resonanzzustand eingestellt wird, und bei dem eine Heiz-
temperatur eines Gegenstandes, der mittels der Spule erwarmt werden soll, auf der Basis einer Resonanzfrequenz
des Resonanzkreises geregelt wird, wobei sich die Resonanzfrequenz als eine Funktion der Temperatur des Ge-
genstandes verandert, dadurch gekennzeichnet, daf3 der Resonanzkreis ein Reihenresonanzkreis ist, der einen
Kondensator zwischen dem Stromversorgungsgerat und der Spule umfaBt; und daB das Verfahren das Regeln
des Stromversorgungsgerates umfaBt, so dafl eine Phase einer Hochfrequenzspannung, die durch das Strom-
versorgungsgerat erzeugt wird, im wesentlichen mit einer Phase eines Hochfrequenzstromes zusammenfallt, der
durch die Spule flieBt, wodurch der Resonanzkreis in einem Resonanzzustand gehalten wird.

Verfahren nach Anspruch 1, bei dem das Stromversorgungsgerét einen Wechselrichter fir das Verandern des
Gleichstromes in Hochfrequenzwechselstrom aufweist, wobei das Verfahren die folgenden Schritte aufweist:

Ermitteln der Induktivitat (L) der Spule, indem die Hochfrequenz auf Resonanz gebracht wird,;
Ableiten einer relativen Permeabilitat () proportional zur Induktivitat (L);
Berechnen einer Temperatur (T) entsprechend der relativen Permeabilitat (1) in Ubereinstimmung mit den in
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einem Speicher gespeicherten Daten; und
Regeln der Temperatur.

3. Verfahren nach Anspruch 1 oder 2, bei dem der zu erwarmende Gegenstand ein Katalysator fir das Reinigen des

Abgases eines Kraftfahrzeuges ist.

Hochfrequenzinduktionsheiztemperatur-Regelapparat, der aufweist: ein Hochfrequenzstromversorgungsgerat
(10); und einen Resonanzkreis (4), der vom Hochfrequenzstromversorgungsgerét (10) mit elekirischem Strom
versorgt wird, wobei der Resonanzkreis (4) eine Hochfrequenzinduktionsheizspule (6) fiir die Hochfrequenzinduk-
tionsheizung eines Gegenstandes (9) umfaBt,

dadurch gekennzeichnet, daf3:

der Resonanzkreis (4) ein Reihenresonanzkreis ist, der einen Kondensator (5) zwischen dem Hochfrequenz-
stromversorgungsgeréat (10) und der Hochfrequenzinduktionsheizspule (6) umfaft;

einen Phasenregelkreis (15) flr das Regeln der Stromversorgungsfrequenz des Hochfrequenzstromversor-
gungsgerates (10), so daB eine Phase einer Hochfrequenzspannung, die durch das Hochfrequenzstromver-
sorgungsgerat (10) erzeugt wird, im wesentlichen mit einer Phase eines Hochfrequenzstromes zusammenfallt,
der durch die Hochfrequenzinduktionsheizspule (6) flieBt, um immer den Resonanzkreis (4) in einen Reso-
nanzzustand einzustellen; und

einen Markierungssignalerzeugungskreis (16) fur das Nachweisen, daf3 das Stromversorgungsgerat (10) eine
vorgegebene Frequenz erreicht, und flir das Erzeugen eines vorgegebenen Markierungssignales;

wodurch der Gegenstand (9) kontinuierlich hochfrequenzinduktionserwarmt wird, wahrend der Resonanzkreis
(4) immer in den Resonanzzustand durch den Regelkreis (15) als Reaktion auf eine Veranderung der Impedanz
der Hochfrequenzinduktionsheizspule (6) infolge der erhdhten Temperatur des zu erwdrmenden Gegenstan-
des (9) eingestellt wird, und die Zuflihrung von elektrischem Strom zum Resonanzkreis (4) vom Hochfrequenz-
stromversorgungsgeréat (10) auf der Basis des Markierungssignales unterbrochen wird, das erzeugt wird, wenn
die Resonanzirequenz des Resonanzkreises (4) die vorgegebene Frequenz erreicht.

Revendications

Procédé de commande de la température de chauffage lors d'un chauffage par induction & haute fréquence, dans
lequel un circuit résonnant comprenant une bobine de chauffage par induction & haute fréquence est alimenté en
énergie électrique a partir d'une unité d'alimentation en énergie a haute fréquence, le circuit résonant est mis a
un état de résonance, et la température de chauffage d'un objet & chauffer par la bobine est commandée sur la
base d'une fréquence de résonance du circuit résonnant, la fréquence de résonance variant en fonction de la
température de I'objet, caractérisé en ce que le circuit résonnant est un circuit résonnant monté en série comportant
un condensateur entre 'unité d'alimentation en énergie et la bobine, et le procédé comprend la commande de
I'unité d'alimentation en énergie de sorte qu'une phase d'une tension & haute fréquence produite par l'unité d'ali-
mentation en énergie coincide sensiblement avec une phase d'un courant a haute fréquence circulant a travers
la bobine, maintenant ainsi le circuit résonnant dans un état de résonance.

Procédé selon la revendication 1, dans lequel I'unité d'alimentation en énergie comprend un onduleur destiné a
transformer le courant continu en courant alternatif & haute fréquence, le procédé comprenant les étapes consistant

a.

déterminer l'inductance (L) de la bobine en la faisant entrer en résonance a la fréquence élevée;

en déduire une perméabilité relative (1) proportionnelle a l'inductance (L);

calculer une température (T) correspondant & la perméabilité relative (L) selon les données stockées dans
une mémoire; et commander la température.

Procédé selon la revendication 1 ou 2, dans lequel I'objet & chauffer est un convertisseur catalytique destiné a
purifier les gaz d'échappement d'une automobile.

Dispositif de commande de la température de chauffage par induction & haute fréquence comprenant une unité
d'alimentation en énergie a haute fréquence (10) et un circuit résonnant (4) devant étre alimenté en énergie élec-
trique a partir de I'unité d'alimentation en énergie a haute fréquence (10), le circuit résonnant (4) comprenant une
bobine de chauffage par induction a haute fréquence (6) destinée a chauffer par induction a haute fréquence un
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objet (9),

caractérisé en ce que:

le circuit résonnant (4) est un circuit résonnant monté en série comportant un condensateur (5) entre l'unité
d'alimentation en énergie a haute fréquence (10) et la bobine de chauffage par induction & haute fréquence (6);
par un circuit de commande de phase (15) destiné & commander la fréquence d'alimentation en énergie de
I'unité d'alimentation en énergie a haute fréquence (10) de sorte qu'une phase d'une tension & haute fréquence
produite par I'unité d'alimentation en énergie a haute fréquence (10) coincide sensiblement avec une phase
d'un courant a haute fréquence circulant a travers la bobine de chauffage par induction a haute fréquence (6),
pour mettre toujours le circuit résonnant (4) a un état de résonance; et

par un circuit de production d'un signal indicateur (16) destiné & détecter le moment ou |'unité d'alimentation
en énergie (10) atteint une fréquence prédéterminée, et a produire un signal indicateur prédéterminé;

ce par quoi l'objet (9) est chauffé par induction a haute fréquence de fagon continue pendant que le circuit
résonnant (4) est toujours mis a I'état de résonance par le circuit de commande (15) en réponse a la variation
de limpédance de la bobine de chauffage par induction & haute fréquence (6) & cause de la température
croissante dudit objet (9) qui est chauifé, et I'alimentation en énergie électrique du circuit résonnant (4) depuis
I'unité d'alimentation en énergie a haute fréquence (10) est coupée sur la base du signal indicateur produit
lorsque la fréquence de résonance du circuit résonnant (4) atteint la fréquence prédéterminée.
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